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[57] ABSTRACT 
An ECL circuit with power control is disclosed. The 
ECL circuit comprises a pair of emitter-coupled transis 
tors with a current source transistor having its collector 
coupled to the coupled-emitters of the pair. Coupled in 
series with the base of the current source transistor is a 
?rst MOS transistor with its gate receiving an enable 

signal to control the ?rst MOS transistor. As such, an 
activated ?rst MOS transistor switches on the ECL 
circuit, and a de-activated ?rst MOS transistor switches 
off the ECL circuit with no current through the current 
source transistor to provide a true power down of the 
ECL circuit. An ECL circuit for translating from 
CMOS to ECL levels is also disclosed. The ECL circuit 
comprises a pair of emitter-coupled transistors and ?rst 
MOS transistor coupled in series with a ?rst base of the 
pair at one end of the source/drain current path of the 
?rst MOS transistor. Another end of the source/drain 
current path of the?rst MOS transistor is coupled to a 
current-source voltage, while its gate receives an enable 
signal. Coupled in series with a second base of the pair 
at one end of the source/drain current path of the sec 
ond MOS transistor is a second MOS transistor. An 
other end of the source/drain current path of the sec 
ond MOS transistor is also coupled to the current 
source voltage, while its gate receives an inverted en 
able signal. Thus, the pair has its two emitter-coupled 
transistors alternately switched on by the enable and 
inverted enable signals. An ECL circuit for multiplex 
ing ECL inputs with CMOS select signals is further 
disclosed. The ECL circuit comprises the top portion of 
a conventional ECL multiplexer connected to a pair of 
Vcs current sources. The current sources are alter 
nately selected by the N-channel MOS transistor cou 
pled between the Vcs current source and one base of the 
n-p-n transistors. 

21 Claims, 3 Drawing Sheets 
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BICMOS CMOS/ECL DATA MULTIPLEXER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to emitter’coupled 

logic (“ECL”) circuits and more speci?cally to control 
ling the output signals of such ECL circuits using 
CMOS compatible signals. 

2. Art Background . I 

FIG. 1 illustrates a typical ECL output buffer 10 
without a current source control. As shown in FIG. 1, 
ECL output buffers are not normally turned off because 
of the difficulty in controlling the current source 11 that 
supplies the gate while maintaining DC and AC perfor 
mance of the gate. While it is possible to shunt the 
power away from the differential stage (with another 
switch at the second level, for instance) of the ECL 
output 12, current is still ?owing and contributes to chip 
power dissipation. 
The conventional ECL output buffers as shown in 

FIG. 1 have their drawbacks and disadvantages. Prod 
ucts with application optional ECL outputs are bur 
dened by the extra power supply currents that serve the 
unused outputs. The current of any particular applica 
tion is typically never less than that of the application 
that uses the full complement of outputs. This current is 
small, but not negligible (often 3-10 mA per output or 
15-50 mW) and will cause the application to run hotter 
than actually‘ required. Therefore, it becomes desirable 
to be able to control the current source in ECL circuits. 
An ECL gate, such as the one shown in FIG. 1, is 

often used in connection with signals in the CMOS 
logic levels. Translations between the logic levels of 
CMOS logic and the logic levels of CML (“current 
mode logic”) or ECL logic are typically done using a 
differential ampli?er with a “mid-swing” reference. 
FIG. 2 illustrates a typical ECL (CML) translator 20. 
Translator 20 can be an ef?cient translator if a mid 
swing reference 21 is available, but for logic levels with 
non standard swings, or for mixed power supply volt 
age systems, this reference is often less than ideal. 
The conventional translators as shown in FIG. 2 have 

their drawbacks and disadvantages. The voltage de 
?ned a “mid-swing” must be developed with either 
resistive or matched transistor voltage dividers. These 
circuits take up signi?cant area and power that is not 
required for the intrinsic logic function being per 
formed. Errors in the levels set by the reference voltage 
generators also contribute to variations in the propaga 
tion delay of the gate. Further, the conventional meth 
ods of translating between CMOS and CML levels use 
referenced generators which require some additional 
circuitry and power dissipation that is not used by the 
intrinsic logic function. Therefore, it is also desirable to 
be able to translate CMOS signals to levels compatible 
with CML cells. 

Furthermore, in high performance digital logic, the 
high speed signals are typically ECL or CML, which 
must be routed and logically manipulated in bipolar 
circuitry. The lower speed logic may be CMOS for a 
reduction in power. The interface between these logic 
levels also requires a translator to convert the large 
swing CMOS levels to the small ECL/CML logic lev 
els used in the high speed gates. 
The addition of a level translator requires an increase 

in both speed and power, over what is required for the 
intrinsic logic function. In the typical CML multiplexer 
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2 
circuit 30 shown in FIG. 3, the high speed data channels 
would be connected to inputs A+and A-32 and 
B+and B-33 as the select input 34 is driven by a 
CMOS/CML translator 31. The translator 31 adds 
delay and power to the circuit 30 and performs no logic 
function in this con?guration. Thus, it is further desir 
able to be able to multiplex CML compatible data sig 
nals using CMOS compatible signals to switch between 
channels without the added delay and power. 
As will be described in the following, the present 

invention will disclose an ECL circuit with a power 
supply current control to allow the output to shut off to 
reduce system power supply load. The following de 
scription will also disclose an ECL circuit capable of 
translating CMOS signals to levels compatible with 
CML cells. Further, the following description will dis 
close an ECL circuit capable of multiplexing CML 
compatible data signal levels while using CMOS com 
patible signals to switch between channels. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide an ECL output buffer with current shut-off 
control. 

It is also an object of the present invention to provide 
an ECL circuit capable of translating CMOS signals to 
ECL compatible levels. 

It is another object of the present invention to pro 
vide an ECL circuit capable of multiplexing ECL com 
patible data signals using CMOS signals to switch be 
tween channels'without the added delay and power in 
the conventional system. 
An ECL circuit with power control is disclosed. The 

ECL circuit comprises a pair of emitter-coupled transis 
tors with a current source transistor having its collector 
coupled to the coupled-emitters of the pair. Coupled in 
series with the base of the current source transistor is a 
?rst MOS transistor with its gate receiving an enable 
signal to control the first MOS transistor. As such, an 
activated ?rst MOS transistor switches on the ECL 
circuit, and a de-activated fu'st MOS transistor switches 
off the ECL circuit with no current through the current 
source transistor to provide a true power down of the 
ECL circuit. 
An ECL circuit for translating from CMOS to ECL 

levels is also disclosed. The ECL circuit comprises a 
pair of emitter»coupled transistors and ?rst MOS tran 
sistor coupled in series with a ?rst base of the pair at one 
end of the source/drain current path of the ?rst MOS 
transistor. Another end of the source/drain current path 
of the ?rst MOS transistor is coupled to a current 
source voltage, while its gate receives an enable signal. 
Coupled in series with a second base of the pair at one 
end of the source/drain current path of the second 
MOS transistor is a second MOS transistor. Another 
end of the source/drain current path of the second 
MOS transistor is also coupled to the current-source 
voltage, while its gate receives an inverted enable sig 
nal. Thus,-the pair has its two emitter-coupled transis 
tors alternately switched on by the enable and inverted 
enable signals. 
An ECL circuit for multiplexing ECL inputs with 

CMOS select signals is further disclosed. The ECL 
circuit comprises the top portion of a conventional 
ECL multiplexer connected to a pair of Vcs current 
sources. The current sources are alternately selected by 
the N-channel MOS transistor coupled between the Vcs 
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current source and one base of the n-p-n transistors. 
Thus, voltage levels compatible with CMOS logic lev 
els can select the ECL data inputs as output of the ECL 
circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The objects, features and advantages of the present 
invention will become apparent to one skilled in the art 
from reading the following detailed description in 
which: 
FIG. 1 illustrates a typical ECL output buffer with 

out current source control. 
FIGS. 2 illustrates a typical ECL translator. 
FIGS. 3 illustrates a typical ECL multiplexer circuit. 
FIG. 4 illustrates an ECL gate of the present inven 

tion with power control implemented. 
FIGS. 5 illustrates an ECL translator with current 

control mechanism implemented in another embodi 
ment. 

FIG. 6 illustrates an ECL translator in an embodi 
ment with single-ended input. 
FIG. 7 illustrates an ECL multiplexer according to 

the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In the following description, numerous speci?c de 
tails are set forth in order to provide a thorough under 
standing of the present invention. It will be obvious, 
however, to one skilled in the art that these details are 
not required to practice the present invention. In other 
instances, well-known circuits, methods and the like are 
not set forth in detail in order to avoid unnecessarily 
obscuring the present invention. 
FIG. 4 illustrates an ECL gate 40 of the present in 

vention with power control implemented. As shown in 
FIG. 4, an ECL differential pair of n-p-n transistors 
46,47 have their bases coupled to two inputs In+ and 
In-42, 43. Current source transistor 48 has its collector 
coupled to the coupled-emitters of transistors 46,47. To 
facilitate current control, the source/drain current path 
of an N-channel MOS transistor 49 is coupled in series 
between voltage Vcs 41 and the base of current source 
transistor 48. Voltage Ena 44 is applied to the gate of 
N~channel transistor 49. The source/drain current path 
of a shunt N-channel MOS transistor 50 is connected 
across the base and emitter of current source transistor 
48. Voltage Ena-BAR 45 is applied to the gate of the 
shunt N-channel MOS transistor 50. To control the 
switch current of the ECL output, it is only necessary 
to insure that “Ena” 44 is logically HIGH, and “Ena 
BAR” 45 is LOW when the gate 40 is to be operational. 
The voltage drop across the N-channel transistor 49 in 
series with Vcs 41 has a negligible affect on the switch 
current. 
When the ECL gate 40 is to be switched "OFF”, the 

level on “Ena” 44 is logically LOW and “Ena-BAR” 45 
is set HIGH. This causes current source of the ECL 
gate 40 to be quenched, thus turning the gate off. This 
“OFF” state effectively eliminates the ECL gate cur 
rent, and can be achieved with normal CMOS switches 
and thus is achieved with no power penalty. 

It will be apparent to those skilled in the art that it 
might be possible to remove the shunt N-channel MOS 
transistor 50, if “turn-on/turn-off speed” were not criti 
cal, or if it were possible to ensure that the NPN current 
source transistor 48 would not accidentally turn on and 
leak unpredictable amounts of current. As described, it 
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should be appreciated by those skilled in the art that this 
circuit allows a true power down ECL output buffer to 
be provided in power critical applications. 
FIG. 5 illustrates an ECL translator 51 with the cur 

rent control mechanism implemented in another em 
bodiment. As described above, a typical translator cir 
cuit shown in FIG. 2 would need to include additional 
circuitry and require additional power to generate the 
"VCC/Z” reference. As shown in FIG. 5, an ECL 
translator in this embodiment has no such circuitry. 

Referring to FIG. 5, voltage Vcs 52 is coupled to 
both bases of the differential pair of transistors 53 
through serially-connected N-channel MOS transistors 
55,58. The source and drain current path of shunt N 
channel MOS transistor 56 is connected across the cou 
pled~emitters of differential pair 53 and one base of the 
differential pair 53. The source and drain current path 
of shunt N-channel MOS transistor 57 is similarly con 
nected across the coupled-emitters of differential pair 53 
and another base of the differential pair 53. Voltage Ena 
54 is applied to the gates of transistors 55, 57, while 
Ena-BAR 59 is applied to the gates of transistors 56, 58. 
Complimentary outputs can be obtained at the collec 
tors of the differential pair 53. 
Ena 54 and Ena-BAR 59 could be built into the trans 

lator cell 51 by including a typical CMOS inverter in 
the schematic. This would make the buffer a single 
ended CMOS-todifferential CML translator. 

Referring to FIG. 5, translator 51 according to the 
teaching of the present invention consists of a pair of 
Vcs current sources 52 that are alternatively selected by 
N-channel MOS transistors 55, 58 connected between 
the Vcs reference source and the bases of the NPN 
transistor pair 53. Voltage levels are compatible with 
normal CMOS logic levels and the delays are adequate 
for normal logic functions. 

It will be apparent to those skilled in the art that it 
might be possible to remove the shunt N-channel MOS 
transistors 56, 57, if “turn-on/turn-off speed” were not 
critical, or an alternative connection may include a high 
value resistor connected in place of the shunt N-channel 
MOS transistors 56, 57. _ 
The ECL translator 51 according to the present in 

vention provides a convenient and efficient means for 
connecting CMOS with ECL or CML logic functions. 
The ECL translator 51 would not require any addi 
tional reference generator circuitry or additional power 
to perform its function. Referring to FIG. 6, if the logic 
function to be driven does not need both senses of the 
CMOS signal, the translator can be reduced to a single 
ended, inverting buffer. Note that voltage Vcs 62 is 
applied to only the base of NPN transistor 61 through 
in-series N-channel MOS transistor 65. A shunt N-chan 
nel MOS transistor 66 is connected across the base and 
emitter of NPN transistor 61. Signal Ena 63 is applied to 
the gate of in-series transistor 63, while Ena-BAR 64 is 
applied to the gate of shunt N-channel MOS transistor 
66. Output is available at the collector of NPN transis 
tor 61. 

Reference is now made to FIG. 7, where another 
embodiment of the CML circuit according to the pres 
ent invention is shown. FIG. 7 shows an improved 
CML multiplexer 70 with a built-in CMOS transistor as 
the select control input. In this circuit there is no need 
for an additional translator to convert CMOS levels to 
CML, since the SEL: inputs 71 are directly compatible 
with CMOS voltage swings. While the select path is not 
typically the one of the most speed critical paths in a 
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circuit, the con?guration shown above offers improved 
performance over the more typical connection dis 
cussed earlier. 

Referring to FIG. 7, the improved multiplexer 
(“mux”) 70 consists of the top portion of a typical CML 
mux that is connected to a pair of VCS current sources 
72 that are alternatively selected by the N-channel 
MOS transistors 73, 74 connected between the Vcs 
reference source 72 and the base of the NPN transistors 
75. Input 76, 77 voltage levels are compatible with nor 
mal CMOS logic levels and the delays are adequate for 
normal logic functions. 

This connection keeps the high speed logic path in 
CML to maintain the logic swings and the drive capa 
bility of the CML logic form, and uses the CMOS in 
puts 71 to select which of diff pair‘78 and 79 is active. 

This circuit shown in FIG. 7 provides a convenient 
and efficient method to connect CMOS with ECL or 
CML logic functions. The suggested circuit would not 
require any additional reference generator circuitry or 
additional power to perform its function. 
The same basic connection could be used for other 

logic functions than those shown above. It would be 
apparent to those skilled in the art to insert this CMOS 
translator and selector below almost any CML logic 
function. In addition to the differential select shown in 
FIG. 7, it is possible to select multiple logic functions by 
extending the number of current sources selected by the 
CMOS inputs as will be appreciated by those skilled in 
the art. 
What is claimed is: 
1. An ECL circuit with power control, said ECL 

circuit comprising: 
a pair of emitter-coupled transistors of a ?rst conduc 

tive type, said pair coupled to an input and an in 
verted input at the bases of said pair, the collectors 
of said pair being coupled to a ?rst voltage; 

current source transistor having its collector coupled 
to the coupled-emitters of said pair and its emitter 
coupled to a second voltage; 

?rst MOS transistor having a source/drain current 
path coupled in series with the base of said current 
source transistor, one end of said source/drain 
current path of said ?rst MOS transistor being 
coupled to the base of said current source‘ transistor 
and the other end of said source/drain current path 
of said ?rst MOS transistor being coupled to a 
current source voltage, the gate of said ?rst MOS 
transistor receiving an enable signal to control the 
state of said ?rst MOS transistor, 

wherein an activated ?rst MOS transistor switches on 
said ECL circuit, and a de-activated ?rst MOS transis 
tor switches off said ECL circuit with no current 
through said current source transistor to provide a true 
power down of said ECL circuit. 

2. An ECL circuit according to claim 1, wherein the 
switching speeds of said ECL circuit is critical, further 
comprising shunting means coupled across the base and 
emitter of said current source transistor. 

3. An ECL circuit according to claim 2, wherein said 
shunting means comprises: 

second MOS transistor having a source/drain current 
path coupled across the base and emitter of said 
current source transistor at two ends of said sour 
ce/drain current path of said second MOS transis 
tor, the gate of said second MOS transistor receiv 
ing an inverted enable signal to control the state 
said second MOS transistor, 
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6 
wherein an activated ?rst MOS transistor and a de 
activated second MOS transistor switch on said ECL 
circuit, and a de-activated ?rst MOS transistor and an 
activated second MOS transistor switch off said ECL 
circuit with no current through said current source 
transistor. 

4. An ECL circuit according to claim 1, wherein 
transistors in said ?rst conductive type are n-p-n transis 
tors. 

5. An ECL circuit with power control according to 
claim 3, wherein transistors in said ?rst conductive type 
are n-p-n transistors. 

6. An ECL circuit with power control according to 
claim 5, further comprising: 

?rst output transistor of said ?rst conductive type 
having its base coupled to a ?rst collector of said 
pair and its collector coupled to the ?rst voltage, 
the emitter of said ?rst output transistor generating 
an output signal; 

second output transistor of said ?rst conductive type 
having its base coupled to a second collector of 
said pair and its collector coupled to the ?rst volt 
age, the emitter of said second output transistor 
generating an inverted output signal. 

7. An ECL circuit with power control according to 
claim 6, further comprising a CMOS inverter for gener 
ating said inverted enable signal from said enable signal. 

8. An ECL circuit for translating from CMOS to 
ECL levels, said ECL circuit comprising: 

a pair of emitter-coupled transistors of a ?rst conduc 
tive type having their collectors coupled to a ?rst 
voltage and their emitters coupled to ground; 

?rst MOS transistor having a source/drain current 
path coupled in series with a ?rst base of said pair 
at one end of said source/drain current path of said 
?rst MOS transistor, the other end of said source/ 
drain current path of said ?rst MOS transistor 
being coupled to a current-source voltage, its gate 
receiving an enable signal; 

second MOS transistor having a source/drain current 
path coupled in series with a second base of said 
pair at one end of said source/drain current path of 
said second MOS transistor, the other end of said 
source/drain current path of said second MOS 
transistor being coupled to said current-source 
voltage, its gate being coupled to an inverted en 
able signal, wherein said pair has its two emitter 
coupled transistors alternately switched on by said 
enable and said inverted enable signals. 

9. An ECL circuit according to claim 8, further com 
prising: 

?rst shunting means coupled across said ?rst base and 
said coupled-emitters of said pair; and 

second shunting means coupled across said second 
base and said coupled-emitters of said pair. 

10. An ECL circuit according to claim 9, wherein: 
said ?rst shunting means comprises third MOS tran 

sistor coupled across said ?rst base and said cou 
pled emitters of said pair, the gate of said third 
MOS- transistor being coupled to said inverted 
enable signal, and 

said second shunting means comprises fourth MOS 
transistor coupled across said second base and said 
coupled emitters of said pair, its gate being coupled 
to said enable signal. 

11. An ECL circuit according to claim 9, wherein: 
said ?rst shunting means is a relatively high value 

resistor, and 
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said second shunting means is a high value resistor for 
not critical turn-on and tum-off speed of said ECL 
circuit. 

12. An ECL circuit according to claim 9, further 
comprising a CMOS inverter for generating said in 
verted enable signal from said enable signal such that a 
logic cell containing said ECL circuit is single»ended. 

13. An ECL circuit according to claim 12, wherein 
said ?rst conductive type is n-p-n type. 

14. An ECL circuit according to claim 11, further 
comprising a CMOS inverter for generating said in 
verted enable signal from said enable signal such that a 
logic cell containing said ECL circuit is single-ended. 

15. An ECL circuit according to claim 14, wherein 
said ?rst conductive type is n-p-n type. 

16. A single’ended ECL circuit for translating from 
CMOS to ECL levels, comprising: 

?rst transistor of a ?rst conductive type, the collector 
of said ?rst transistor coupled to a ?rst voltage and 
the emitter of said ?rst transistor coupled to a sec 
ond voltage; 

?rst MOS transistor coupled in series between the 
base of said ?rst transistor and a current-source 
voltage, the gate of said ?rst MOS transistor re 
ceiving an enable signal to control the state of said 
?rst MOS transistor such that currents through 
said ?rst transistor are shut off when said ?rst MOS 
transistor is switched off, 

wherein an inverted output of said single-ended ECL 
circuit is generated at the collector of said ?rst transis 
tor. 

17. A single-ended ECL circuit according to claim 
16, further comprising second MOS transistor coupled 
across the base and emitter of said ?rst transistor for 
shunting, the gate of said second MOS transistor receiv 
ing an inverted enable signal to control the state of said 
second MOS transistor. 

18. A single-ended ECL circuit according to claim 
17, wherein said ?rst conductive type is n-p-n type. 

19. A CML circuit for multiplexing CML inputs with 
CMOS select signals, said CML circuit comprising: 

?rst pair of emitter-coupled transistors of a ?rst con 
ductive type with their collectors coupled to a ?rst 
voltage, the bases of said ?rst pair receiving a ?rst 
and inverted ?rst inputs; 
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8 
second pair of emitter-coupled transistors of said ?rst 

conductive type with their collectors coupled to 
said ?rst voltage, the bases of said second pair 
receiving a second and inverted second inputs; 

third pair of emitter-coupled transistors of said ?rst 
conductive type with the collector of a ?rst transis 
tor of said third pair coupled to the emitters of said 
?rst pair and the collector of a second transistor of 
said third pair coupled to the emitters of said sec 
ond pair, the emitters of said third pair being cou 
pled to a second voltage; 

?rst MOS transistor coupled in series between the 
base of said ?rst transistor of said third pair and a 
current-source voltage, the gate of said MOS tran 
sistor receiving a select signal to control the state of 
said ?rst MOS transistor; 

second MOS transistor coupled in series between the 
base of said second transistor of said third pair and 
said current-source voltage, the gate of said second 
MOS transistor receiving an inverted select signal 
to control the state of said second MOS transistor; 

wherein said ?rst and second MOS transistors are alter 
nately turned on by said select signal to switch on one of 
said ?rst and second pair of emitter-coupled transistors 
to generate an output and an inverted output at the 
collectors of one of said ?rst and second pair. 

20. A CML circuit according to claim 19, further 
comprising shunting means, said shunting means com 
prising: 

third MOS transistor coupled across the base of said 
?rst transistor and the emitters of said third pair, 
the gate of said third MOS transistor receiving said 
inverted select signal; _ 

fourth MOS transistor coupled across the base of said 
second transistor and the emitters of said third pair, 
the gate of said fourth MOS transistor receiving 
said select signal, 

wherein said select signal switches on one of said ?rst 
and second pairs of emitter-coupled transistors to gener 
ate an output and an inverted output at the collectors of 
one of said ?rst and second pair by turning on one of 
said ?rst and said second MOS transistors. 

21. A CML circuit according to claim 20, wherein 
said ?rst conductive type is n-p-n conduction. 

t t ‘ t t 


